Explaining ATLAS and CMS Results Within the Reduced Minimal 3-3-1 model by Caetano, W. et al.
Explaining ATLAS and CMS Results Within the Reduced
Minimal 3-3-1 model
W. Caetano, C. A. de S. Pires, and P. S. Rodrigues da Silva
Departamento de F´ısica, Universidade Federal da Para´ıba,
Caixa Postal 5008, 58051-970, Joa˜o Pessoa, PB, Brasil
D. Cogollo
Departamento de F´ısica, Universidade Federal de Campina Grande,
Caixa Postal 10071, 58109-970, Campina Grande, PB, Brasil
Farinaldo S. Queiroz
Santa Cruz Institute for Particle Physics, University of California,
1156 High St., Santa Cruz, CA 95064, USA
(Dated: October 8, 2018)
Abstract
Recently the ATLAS and CMS collaborations announced the discovery of a higgs particle with
a mass of ∼ 125 GeV. The results are mildly consistent with the Standard Model Higgs boson.
However, the combined data from these collaborations seem to point to an excess in the h → γγ
channel. In this work we analyze under which conditions this excess may be plausibly explained
within the reduced minimal 3-3-1 model, while being consistent with bb, WW , ZZ and τ+τ−
channels. Moreover, we derive the properties of the heavy neutral and the doubly charged scalars
predicted by the model. We then conclude that at a scale of a few TeV, this model provides
a good fit to the ATLAS and CMS signal strength measurements, and therefore stands as an
appealing alternative to the standard model.
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I. INTRODUCTION
Higgs Hunters around the world have been excited since the resonance found at ∼ 125
GeV reported by the Atlas [1] and CMS [2] collaborations at 5 σ, in July 2012. The
results obtained in different search channels were mildly consistent with a standard model
(SM) Higg-like boson. Interestingly, both collaborations reported an excess of events in the
diphoton channel (h→ γγ), which under the no background hypothesis, could be explained
in beyond SM models only [3]. However, those collaborations have been gathering data
since then, and recently they have updated their former results with better statistics at the
Moriond Conference [4].
It is opportune to remind the existence of a simple gauge extension of the SM, namely
SU(3)c⊗SU(3)L⊗U(1)N [5, 6], that is a very competitive alternative to the well tested SM,
which addresses important problems from a theoretical perspective such as electric charged
quantization [7], the neutrino’s masses [8], family puzzle [9], as well as from a phenomeno-
logical point of view, such as dark matter [10], Higgs search [11], mesons oscillations [12]
and exotic particles [13]. There are many variations of this electroweak extension proposed
in the literature and they have their own phenomenology and interesting aspects [14]. Con-
cerning the minimal version of the model, the so called minimal 3-3-1 model, where all
known leptons are in a fundamental representation of the SU(3)L group, it was shown that
its scalar content, originally three triplets and one sextet, can be reduced to only two scalar
triplets [15]. This reduced minimal 3-3-1 (RM331) model is relatively interesting for having
a short scalar sector when compared with other non-abelian gauge extensions of the SM[16].
After spontaneous symmetry breaking to SU(3)C ⊗ U(1)QED, the physical scalar spectrum
of the RM331 model is composed solely by three scalars, where two of them are neutral
CP-even scalars with the third one being electrically doubly charged. One of the neutral
scalars ought to play the role of the SM Higgs-like boson. We then identify our Higgs-like
boson and, by deriving all relevant interactions involving it in order to check under which
conditions it fits the experimental results, we observe that it has similar properties to the
SM Higgs boson. To do so, we compare our results with the most recent CMS and ATLAS
analyses regarding the signal strength with focus on the h→ γγ channel. Additionally, for
completeness, we will obtain the interactions and branching ratios of the remaining neutral
and the doubly charged scalars.
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This work is divided as follows: In Sec. (II), we will present the RM331 model summa-
rizing its key features, including the mass spectrum. In Sec. (III) we calculated the scalars’
decay channels, including the heavy ones and the doubly charged. In Sec. (IV), we will
perform a numerical analyses of the Higgs-like particle with focus on the ll, qq, WW ∗,ZZ∗,
and γγ, channels. Lastly, in Sec. (V) we draw our conclusions.
II. THE RM331 MODEL
The leptonic content of the RM331 model is composed by the following triplet,
fL =

νl
l
lc

L
∼ (1, 3, 0), (1)
where l = e, µ, τ. The numbers between parentheses refer to the SU(3)C , SU(3)L, U(1)N
quantum numbers, respectively.
In the quark sector, anomalies cancellation require that one generation comes in a SU(3)L
triplet and the other two come in anti-triplet representation as follows,
Q1L =

u1
d1
J1

L
∼ (3, 3,+2
3
), QiL =

di
−ui
Ji

L
∼ (3, 3∗,−1
3
),
uiR ∼ (3, 1,+23); diR ∼ (3, 1,−13); JiR ∼ (3, 1,−43),
u1R ∼ (3, 1,+23); d1R ∼ (3, 1,−13); J1R ∼ (3, 1,+53), (2)
with i = 2, 3.
The scalar sector is composed by two scalar triplets only,
ρ =

ρ+
ρ0
ρ++
 ∼ (1, 3, 1), χ =

χ−
χ−−
χ0
 ∼ (1, 3,−1). (3)
It has been shown that these two triplets are sufficient to break the SU(3)C × SU(3)L ×
U(1)N symmetry to the SU(3)C × U(1)QED, and also generate the correct masses of all
fermions and gauge bosons [15].
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These scalars allow us to write down the most general gauge and Lorentz invariant po-
tential as,
V (χ, ρ) = µ21ρ
†ρ+ µ22χ
†χ+ λ1(ρ†ρ)2 + λ2(χ†χ)2
+λ3(ρ
†ρ)(χ†χ) + λ4(ρ†χ)(χ†ρ). (4)
One might have noticed that we have two neutral scalars in Eq. (3), which can develop
a nontrivial vacuum expectation value (VEV). Therefore we shift these fields accordingly,
ρ0, χ0 → 1√
2
(vρ,χ +Rρ,χ + iIρ,χ), (5)
where by supposing that vχ  vρ, we get the following pattern of spontaneous symmetry
breaking (SSB),
SU(3)L ⊗ U(1)X
〈χ0〉−→ SU(2)L ⊗ U(1)Y
〈ρ0〉−→ U(1)QED.
The set of constraint equations derived from the potential above are,
µ21 + λ1v
2
ρ +
λ3
2
v2χ = 0,
µ22 + λ2v
2
χ +
λ4
2
v2ρ = 0. (6)
With these constraints, we obtain the following mass matrix for the CP-even neutral scalars
in the basis (Rχ , Rρ),
m2R =
v2χ
2
2λ2 λ3t
λ3t 2λ1t
2
 , (7)
where t = vρ
vχ
. Diagonalizing this mass matrix, we obtain the following eigenvalues,
m2h1 =
(
λ1 − λ
2
3
4λ2
)
v2ρ, m
2
h2
= λ2v
2
χ +
λ23
4λ2
v2ρ, (8)
and the respective eigenstates,
h1 = cβRρ − sβRχ, h2 = cβRχ + sβRρ, (9)
where,
cβ ≡ cos(β) ≈ 1− λ
2
3
8λ22
v2ρ
v2χ
and sβ ≡ sin(β) ≈ λ3
2λ2
vρ
vχ
. (10)
It is important to emphasize that for vχ  vρ, which is the regime assumed here, we get
m2h1 < m
2
h2
and cβ > sβ.
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In regard to the CP-odd scalars, Iρ and Iχ, both are Goldstone bosons that will be eaten
by the gauge bosons Z and Z ′, respectively.
As ATLAS and CMS collaborations announced the discovery of a neutral scalar with a
mass of ' 125 GeV, we have a new constraint over the parameters of the scalar potential.
Hence, by taking vρ = 246 GeV, we identify the lightest scalar as the Higgs-like boson, then
the above expression to mh1 imposes the following constraint over the potential couplings,
λ1,2,3 ,
λ1 − λ
2
3
4λ2
≈ 1
4
, (11)
which will be respected throughout this work.
For the doubly charged scalars in the basis (χ++ , ρ++), we find the following mass matrix,
m2++ =
λ4v
2
χ
2
t2 t
t 1
 , (12)
which has the following eigenvalues,
m2
h˜++
= 0 and m2h++ =
λ4
2
(v2χ + v
2
ρ), (13)
and the corresponding eigenvectors, h˜++
h++
 =
 cα -sα
sα cα
χ++
ρ++
 . (14)
where,
cα =
vχ√
v2χ + v
2
ρ
, sα =
vρ√
v2χ + v
2
ρ
. (15)
Once vχ  vρ, then h˜++ ≈ χ++ and h++ ≈ ρ++, where h˜±± are the goldstones eaten by
the gauge bosons U±±, while h±± remain as physical scalars in the spectrum and will be
referred as doubly charged scalars hereafter.
The simply charged scalars ρ+ and χ+ are both Goldstone bosons and are eaten by the
gauge bosons W+ and V +, respectively.
Regarding the gauge bosons, the kinetic terms are,
L = (Dµχ)† (Dµχ) + (Dµρ)† (Dµρ) , (16)
with
Dµ = ∂µ − igW aµ
λa
2
− igNNWNµ , (17)
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where a = 1, ..., 8 and λa are the Gellmann matrices. After SSB, Eq. (16) provides the
following mass terms for the three standard gauge bosons, namely W± and Z ,and for the
five new gauge bosons, V ±, U±±, and Z ′,
M2W± =
g2v2ρ
4
, M2Z =
g2v2ρ
4c2W
, M2V ± =
g2v2χ
4
,
M2Z′ =
(
g2c2W
3− 4s2W
)
v2χ and M
2
U±± =
g2(v2ρ + v
2
χ)
4
,
where cW = cos θW and sW = sin θW with θW being the Weinberg angle. The interactions
involving the scalars and the gauge bosons derived from the kinetic term above are presented
in the appendix, tables II and III.
In the RM331 Model, the charged lepton masses arise from the effective dimension five
operator,
κl
Λ
(f cLρ
∗)(χ†fL) + h.c. , (18)
where l = e, µ, τ , are the lepton family labels, κl is a dimensionless parameter and Λ, which
lies about Λ = 4 − 5 TeV, is the highest energy scale available where the model loses its
perturbative behavior [17]. After SSB, this operator generates the following mass term for
the charged leptons,
ml ≈ κlvρvχ
2Λ
.
As for the standard quarks, their masses come from a combination of renormalizable
Yukawa interactions and dimension-five operators,
λd1aQ¯1LρdaR +
λdia
Λ
εnmp
(
Q¯iLnρmχp
)
daR +
λuiaQ¯iLρ
∗uaR +
λu1a
Λ
εnmp
(
Q¯1Lnρ
∗
mχ
∗
p
)
uaR + h.c. , (19)
where, again, the λs are dimensionless parameters. The mass terms and the renormalizable
interactions among flavor quark eigenstates and scalars are displayed in the appendix.
III. SCALAR DECAYS
The main goal of this work is to study the total decay width of the scalars of the model
and their Branching Ratio (BR) in different channels in the framework of the RM331 model.
Concerning the Higgs boson, we investigate how our results differ from the SM ones. To do
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it so, we ought to obtain the signal strength (µ) for each individual channel of the Higgs.
Although in the RM331 model there are no significant new contributions to the production
of our Higgs-like boson (h1), the form of the interactions among h1 and the SM quarks
are a bit different from the SM case, due to the mixing between h1 and h2, see Eq. (9).
Consequently, the expressions for the width decay rates turn out to be different from the
SM Higgs boson as well. It is opportune to remind that Higgs decay widths in the context
of the minimal 331 model were already computed in Ref. [11]. Nevertheless, once the latter
spectrum is larger than the RM331 model, some simplifying assumptions were made on the
scalar mixing matrix that severely restricted the parameter space of that model. Here, no
such a constraint exists, since there are only two physical neutral scalars, and their BR may
vary according to the choice of the mixing angle β. Hence, the signal strength in the RM331
model should include both, production and decay rates of the Higgs-like boson particle,
µxy =
σ331(pp→ h1)
σSM(pp→ h)
BR331(h1 → xy)
BRSM(h→ xy) , (20)
for any final states x and y. Here, we are going to consider gluon fusion as the dominant
process in the Higgs production. In view of this, as the coupling tth1 in the RM331 model
differs from the SM by a cβ, then we are going to have the factor: σ331(pp→ h1)/σSM(pp→
h) ∼ c2β changing the production. As usual, we are going to consider that the total Higgs
width decay expression in the signal strength is composed by the following decays:
Γ(h1 → all) = Γ(h1→l¯l,qq) + Γ(h1→ZZ∗) + Γ(h1→WW ∗) + Γ(h1→γγ) + Γ(h1→gg) . (21)
That being said, we will derive now the signal strength in our model for each relevant final
state.
A. Higgs Decay into Fermions
In the RM331 model the width decay of Higgs-like boson h1 into a pair of leptons is found
to be,
Γ331(h1 → ``) = g
2
32pi
m`mh1
m2W
(
1− 4m`2
mh21
)3/2(
cβ − vρ
vχ
sβ
)2
. (22)
From Eqs.(20)-(22), we find that the signal strength for this channel is,
µ`` = c
2
β
(
cβ − vρ
vχ
sβ
)2
ΓSM(h→ all)
Γ331(h1 → all) . (23)
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Observe that, due to the mixture between h1 and h2 given in Eq. (9), the Eqs. (22)-(23)
depend on the mixing angle β. Thus, in the limit vχ  vρ (while the scalar couplings are
naturally of order of one), β → 0, and h1 recovers the result of the standard Higgs h.
As the masses of the quarks arise from different sources, see Eq. (19), the interactions
among h1 and the down quarks get different from the up quarks. Due to this, we are going
to have two different expressions for the h1 decay width into quarks, namely,
Γ331(h1 → qq) = 3g
2
32pi
mqmh1
m2W
(
1− 4mq
mh21
)3/2
c2β, (24)
Γ331(h1 → q′q′) = 3g
2
32pi
m′qmh1
m2W
(
1− 4mq′
mh21
)3/2(
cβ +
vρ
vχ
sβ
)2
, (25)
for q = d, c, t and q′ = u, s, b.
Finally, from Eqs. (20)-(21) and Eqs. (24)-(25), we get the following expressions for the
signal strength,
µqq = c
4
β
ΓSM(h→ all)
Γ331(h1 → all) , (26)
µq′q′ = c
2
β
(
cβ +
vρ
vχ
sβ
)2
ΓSM(h→ all)
Γ331(h1 → all) . (27)
Once we have obtained the signal strength of our Higgs-like scalar into fermions, we should
next analyze the case where we have either WW or ZZ as a final state.
B. Higgs Decay into WW and ZZ
A Higgs-like particle of ' 125 GeV can decay into WW ? and ZZ?1, followed by gauge
boson decays into a pair of leptons or quarks. Following the procedure in Ref. [18], we must
sum over all possible final states to find, according to the h1 couplings in table II in the
appendix,
Γ331(h1 → Z?Z) = c2β
g4mh1
2048pi2
(
7− 40
3
s2W +
160
9
s4W
c4W
)
F
(
mZ
mh1
)
,
Γ331(h1 → W ?W ) = c2β
3g4mh1
512pi2
F
(
mW
mh1
)
, (28)
1 Here W ∗ and Z∗ refer to the respective virtual gauge bosons.
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where,
F (x) = − |1− x2|
(
47
2
x2 − 13
2
+
1
x2
)
+ 3(1− 6x2 + 4x4)| ln(x)|
+
3(1− 8x2 + 20x4)√
4x2 − 1 cos
−1
(
3x2 − 1
2x3
)
. (29)
This allows us to obtain the signal strength in the RM331 model for h1 into a pair of
massive SM gauge bosons according to,
µWW ?,ZZ? = c
4
β
ΓSM(h→ all)
Γ331(h1 → all) , (30)
which in the limit β → 0, i.e. when h1 ≡ h, then we have µWW ? , µZZ? → 1.
As a nice result, the RM331 model is able to reproduce the CMS and ATLAS results
concerning the WW and ZZ channels while enhancing the 2γ, as we shall see further.
C. Higgs decay into two photons
It is well known that the Higgs couples to the photon via loop induced processes. The
most relevant diagrams in the SM for h→ γγ are the ones mediated by the top quark, the
tau lepton and the gauge boson W±. Once the RM331 model has an extended scalar and
gauge content, additional contributions to the diphoton decay channel are expected. These
new contributions are due to the extra charged vector bosons V ± , U±± and the doubly
charged scalar h±±, and the main contributions to the decay h1 → γγ are shown in Fig. (1).
In order to easily account for new contributions that arise in the decay width into two
photons, Γ(h1 → γγ), we usually write it as [11, 19],
Γ331(h1 → γγ) = α
2g2
1024pi3
m3h1
m2W
|
∑
i
NceiFi |2 , (31)
where the sum is over all charged scalars, fermions and bosons of the theory, ei is the electric
charge of the corresponding particle which runs in the loop, and Fi are form factors that
contain the information about new physics. These form factors have analytic expressions
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γ
γ
Ψ
Ψ
Ψ
h1 h1
h1h1
h++
V
V
h++
h++
h++
γ
γ
V
V
V
γ
γ
h++
γ
γ
γ
γ
FIG. 1: The one-loop diagrams contributing to the h1 → γγ decay for the charged gauge bosons,
V = U++, V + and W+, the doubly charged scalar, h++, and the charged fermions Ψ.
for each type of particle running in the loop, and can be written as follows,
Fφi = [τφi(1− τφiI2)]
M2φi
m2φi
,
Fψi = −2τψi [1 + (1− τψi)I2]
Mψi
mψi
,
FVi = [2 + 3τVi + 3τVi(2− τVi)I2]
m2W
m2Vi
cVi , (32)
where mφi , mψi , mVi correspond to the masses of the charged particles, cVi are given in the
table I. The mass coefficients M2φi and Mψi are given by,
M2φi = m
2
h++
v2ρ
(vχ + vρ)2
(cβ − vρ
vχ
sβ) , Mψi = m(l,q′)(cβ −
vρ
vχ
sβ), (33)
where all leptons (as well the quarks q′ = u, s, b) have the same coefficients , while the other
quarks q = d, c, t have the following Mψi = mqcβ.
The function I(τi) is given by,
I(τi) ≡
 arcsin
(√
1
τi
)
for τi ≥ 1
1
2
[
pi + ı ln
[
1+
√
1−τi
1−√1−τi
]]
for τi ≤ 1
(34)
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where,
τi =
4m2i
m2h1
,
with mi being the mass of the corresponding particle in the loop. Notice that the electric
charge factor ei in Eq. (31) may potentially enhance the contributions from U
±± and h±±,
once they are doubly charged particles, but such contributions are opposite in sign and some
destructive interference may occur. Furthermore, the relevant fermion contribution to the
Γ(h1 → γγ) in the RM331 model comes from the top quark, as no exotic new quark directly
couples to h1.
TABLE I: The cVi coefficients of third line of Eq. (32).
Higgs cW cV cU
h1 cβ −vχvρ sβ (cβ −
vχ
vρ
sβ)
h2 sβ
vχ
vρ
cβ (sβ +
vχ
vρ
cβ)
We have discussed the new contributions that arise in our model concerning the Higgs
signal strength so far. In the following we will turn our attention to remaining scalars,
namely h2 and h
++.
D. Decay of the heavy scalars, h2 and h
++
Inasmuch as in this work we are assuming the new scalars of the model, h2 and h
++ to
be heavy, but not heavy enough to decay into the RM331 particles, the total decay width
of h2 is determined by the following channels only,
Γ(h2 → all) = Γ(h2→l¯l,qq) + Γ(h2→ZZ) + Γ(h2→WW ) + Γ(h2→γγ) + Γ(h2→gg) + Γ(h2→h1h1). (35)
The decay widths are similar to the h1 case with the couplings of table II being swapped by
those of table III. It is worth pointing that h2 may decay into a pair of higgs-like particles
as well, with a decay with given by,
Γ(h2 → h1h1) ' 1
8pimh2
(gh2h1h1)
2
(
1− 4m
2
h1
m2h2
) 1
2
, (36)
where,
gh2h1h1 =
λ3vχ
2
(
cβ(1− 3sβ) + vρ
vχ
sβ(1− 3cβ)
)
.
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In regard to the doubly charged scalar, it is important to notice that it carries two units of
lepton number. Thus, as long as it is lighter than the new gauge bosons, it will always decay
into only pairs of same equally charged leptons according to Eq. (18), with the following
decay width,
Γ(h++ → l+l+) ∼ g
2
8pi
m2lmh++
m2W
c2α
(
1− 4m
2
l
m2h++
)3/2
. (37)
Observe that there is a lepton mass dependence in the numerator of Eq. (37). Hence,
one may naively predict that h++ decays almost exclusively into the heaviest lepton pair,
namely τ+τ+. In the next section we perform our numerical analysis based on the results
here exposed.
IV. NUMERICAL ANALYSIS
We first present our numerical results concerning the signal strength of the RM331 model
for our Higgs-like scalar, h1. Next, we compute the branching ratios of the heavy neutral
scalar, h2. Lastly, we will calculate the decay width of the doubly charged scalar.
A. Higgs-like scalar
Particle physicists are thrilled due the LHC results since last year. The awaited Higgs
discovery and the current precise measurements that took place soon after have brought
lots of attention mainly due to the arguable diphoton excess. This channel is particularly
interesting because many particle physics models predict an enhancement in the diphoton
channel. In case this excess is confirmed in the near future that will provide a striking
evidence for models where this enhancement can be accounted for. That being said, here
we aim to investigate where this model stands concerning this excess and what sort of
information we can extract when we plug in the most recent CMS and ATLAS measurements
regarding the Higgs.
There are two key parameters in our model which play a major role in reproducing the
Higgs current measurements, namely tan β , which carries information about the h1, h2
mixing, and vχ that tell us at what energy scale new physics effect beyond RM331 have to
come into play. Thus, we will vary these parameters in order to find the best fit choices to
LHC results.
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We first start presenting the behavior of the total width of h1 as function of tan β for
typical values of vχ in FIG. 2. The total width decay rate is not well enough measured to bias
some choices of the parameter space. It is understood that the current LHC measurements
are pointing to Γ(h→ all) ∼ 6.1 MeV [20]. However, this value suffers from large uncertain-
ties which allow us to conclude that for any choice of parameter in FIG. 2 our model is able
to reproduce the total width within the error bars. It is important to emphasize though,
that the total decay width does not reveal the properties of this higgs-like scalar, neither
tell us if this scalar is compatible with current measurements for each individual channel.
To carry on this investigation we need to face our model with the precise measurements of
the signal strength for the higgs boson.
We will start with the combined analyses performed by ATLAS that indicates µATLASγγ =
(1.6±0.3) for mh = 125.5 GeV, while the combined CMS one points to µCMSγγ = (1.55±0.45)
for mh = 125.8 GeV, i.e. both combined analyses present a mild excess in the diphoton
channel. In view of this, in FIG. 3 we show the signal strength for the combined ATLAS
measurements for mh1 = 125.5 GeV, vχ ∼ 2.0 TeV and tanβ = −0.3227, while in FIG. 4
we show the signal strength for the combined CMS measurements for mh1 = 125.8 GeV,
vχ ' 1.5 TeV and tanβ = −0.4476.
Besides those individual results, a recent global best fit analysis has been performed
including data from Atlas, CMS, D∅ and CDF (Global Analyses) [21]. According to the fit,
an excess persists in the diphoton channel and in FIG. 5 we show that for different choices
of vχ and tanβ our model is able to reproduce this combined report .
In summary, our model is able to address either best fit analyses considered here for
tanβ ' −(0.3− 0.4) and vχ ∼ 2.0 roughly, and the higher vχ the more Higgs-like our scalar
h1 is.
B. Heavy Higgs h2
In regard to the heavy scalar, its total decay width is found to be composed of the same
channels presented in Eq. (21), adjusted by the respective couplings shown in table III,
and by adding the decay width Γ(h2 → h1h1). The values of the total decay width, Γh2 ,
for (tan β , vχ) equal to (−0.3227 , 2.0TeV) and (−0.1556, 4.0TeV), are estimated as Γh2 '
22.4 GeV and Γh2 ' 52.7 GeV, respectively.
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In FIG. 6 we show the BR for h2 → W+W−, ZZ, h1h1, tt, bb and τ+τ− channels for
vχ = 1.0 TeV. In particular, one might notice that the WW decay channel is the most
important one for a large range of masses and the BR in h1h1 is the second most significant
decay channel, contributing roughly 20%. Interestingly, this BR into Higgs-like particle
happens to be much greater than other extended Higgs sector models, such as U(1)B−L SM
extension, which predicts a BR into a pair of Higgs of the order of 10−8 [22].
The FIGs. 7 and 8 contain the results of these BRs for vχ = 3.0 and 5.0 TeV, respectively.
We observe that h2 decays preferentially into a pair of h1 in these cases. This happens
because the trilinear coupling h1h2h2 increases about one order of magnitude when we vary
from vχ ∼ 3.0 TeV to vχ ∼ 5 TeV. In short, what we would like to point out is that our
heavy scalar h2 decays preferentially into a pair of Higgs with a BR ≥ 90% for vχ ≥ 3.0
TeV, with WW and ZZ being the next most relevant decay channels.
In regard to the doubly charged scalar, a recent report about LHC searches for double
charged scalars that decay almost exclusively into taus, i.e., BR (h++ → ττ) ∼ 100%, put the
following bound in its mass: mh++ ≥ 204 GeV [23]. With this in mind, we exhibit in FIG. 9
its decay width into leptons for three different values of vχ = 1.0, 1.5 and 5.0 TeV. Note that
it decays preferentially into a pair of tau leptons with Γ(h++ → τ+τ+) = (0.9 − 1.1) MeV
for mh++ = (200 − 300) GeV. With these results we can remark that the RM331 is able
to accommodate the observed Higgs-like decay channels in LHC experiments, including
some possible deviation from SM concerning the diphoton channel, and also poses specific
signatures for the Higgs CP-even partner, h2, very peculiar to this model, with BR into
Higgs much higher than one would expect. Also, the doubly charged scalar can show up in
the next run of the LHC with a clear signature in pairs of like-charged tau leptons, which
can be contrasted with rare leptonic decays of current models.
V. CONCLUSIONS
The RM331 model is a gauge extension of the SM with a reduced scalar sector composed
by two neutral scalars and one doubly charged one. In this work we developed some phe-
nomenology of the scalar sector of this model. We derived all partial decay widths for the
lightest scalar, which is recognized as our Higgs-like particle and confronted them with the
global analyses which has been performed after gathering the data from ATLAS, CMS, D∅
14
and CDF experiments. We obtained a good fit to the data as can be seen in FIG. (5). In
particular, with vχ = 2 TeV we can remarkably account for the h → γγ excess while still
being completely consistent with all the other channels within the error bars. Additionally,
we have computed the branching ratio of the neutral scalar h2 and found that it decays
preferentially into a pair of Higgs-like particles with a branching ratio ≥ 90%, a feature not
easily obtained in other extensions of SM. We also obtained analytically the total width of
the doubly charged scalar, h++, predicted in the model and exhibited its behavior in FIG. 9.
We saw that h++ decays almost exclusively into a pair of tau leptons. This feature may
be probed at the next run of LHC and represents a characteristic signal of this model. In
conclusion, we studied the scalar sector of a new version of the 331 model and showed that
at a scale of a few TeV this model is a compelling alternative to the SM once it is able to
explain the recent measurements of LHC regarding the signal strength.
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Appendix
After SSB, the mass matrix for the up quark in the basis u = (u1, u2, u3) is,
Mu =

λu11
vρvχ
2Λ
λu12
vρvχ
2Λ
λu13
vρvχ
2Λ
−λu21 vρ√2 −λu22
vρ√
2
−λu23 vρ√2
−λu31 vρ√2 −λu32
vρ√
2
−λu33 vρ√2
 , (38)
while the mass matrix for the down quarks in the basis d = (d1, d2, d3) is,
Md =

λd11
vρ√
2
λd12
vρ√
2
λd13
vρ√
2
λd21
vρvχ
2Λ
λd22
vρvχ
2Λ
λd23
vρvχ
2Λ
λd31
vρvχ
2Λ
λd32
vρvχ
2Λ
λd33
vρvχ
2Λ
 , (39)
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The interactions among the neutral scalars h1 and h2 and the quarks in the flavor basis
are,
L = uLΓu1uRh1 + uLΓu2uRh2
+dLΓ
d
1dRh1 + dLΓ
d
2dRh2 + h.c, (40)
where,
Γu1 =
Mu
vρ
cβ − sβF u, Γd1 =
Md
vρ
cβ − sβF d,
Γu2 =
Mu
vρ
sβ + cβF
u, Γd2 =
Md
vρ
sβ + cβF
d. (41)
with,
F u =

λu11
vρ
2Λ
λu12
vρ
2Λ
λu13
vρ
2Λ
0 0 0
0 0 0
 , and F d =

0 0 0
λd21
vρ
2Λ
λd22
vρ
2Λ
λd23
vρ
2Λ
λd31
vρ
2Λ
λd32
vρ
2Λ
λd33
vρ
2Λ
 . (42)
In the case Γu,d ∝ Mu,d, both matrices can be diagonalized simultaneously avoiding
flavour changing neutral currents (FCNC) processes mediated by h1. Otherwise, h1 may
mediate FCNC processes, because the three families are not in the same representation, as
a result of triangle anomalies cancellation requirement. Anyway, without loss of generality,
we do not take into account the FCNC processes by considering Mu,d and Γu,d diagonal.
Under these assumptions the interactions among quarks and physical scalars are presented
in tables II and III, for q′ = u, s, b and q = d, c, t.
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TABLE II: Higgs-like (h1) Interactions.
Interactions Couplings
llh1
ml
vρ
(
cβ − vρvχ sβ
)
qqh1
mq
vρ
cβ
q′q′h1
m′q
vρ
(
cβ − vρvχ sβ
)
W+W−h1 12g
2vρcβ
ZZh1
1
4g
2vρ sec
2
θW
cβ
V +V −h1 −12g2vχsβ
U++U−−h1 12g
2vρ(cβ − vχvρ sβ)
h++h−−h1 λ4vρ(cβ − vχvρ sβ)
TABLE III: Heavy Scalar (h2) Interactions.
Interactions Couplings
llh2
ml
vρ
(
sβ +
vρ
vχ
cβ
)
qqh2
mq
vρ
sβ
q′q′h2
m′q
vρ
(
sβ +
vρ
vχ
cβ
)
W+W−h2 12g
2vρsβ
ZZh2
1
4g
2vρ sec
2
θW
sβ
V +V −h2 12g
2vχcβ
U++U−−h2 12g
2vρ(sβ +
vχ
vρ
cβ)
h++h−−h2 λ4vρ(sβ +
vχ
vρ
cβ)
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FIG. 2: Result for the Γ(h1 → all) in the RM331 model as function of the mixing angle β.
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FIG. 3: Signal strength for all higgs decay channels for tanβ = −0.3227 and vχ = 2.0 TeV . We
have included the ATLAS combined data and the RM331 results in the plot.
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FIG. 4: Signal strength for all higgs decay channels for tanβ = −0.4476 and vχ = 1.5 TeV . In the
plot we have included CMS combined data and the RM331 results.
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FIG. 5: Signal strength for all higgs decay channels in the RM331 model. In the plot we have
included global analyses best fit values and the RM331 results for two different values of the
parameters tanβ and vχ: ( -0.3227 , 2.0TeV) and ( - 0.1556 , 4.0TeV), respectively
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FIG. 6: Branching Ratio of h2 for all decay channels in the RM331 model with vχ = 1.0 TeV .
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FIG. 7: Branching Ratio of h2 for all decay channels in the RM331 model with vχ = 3.0 TeV.
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FIG. 8: Branching Ratio of h2 for all decay channels in the RM331 model with vχ = 5.0 TeV.
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FIG. 9: The total width decay of the doubly charged scalar into leptons h++ → `+`+ for vχ =
1.0 , 1,5 and 5.0 TeV
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